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EVALUATION OF RECURRENT SELECTION FOR STALK-ROT 
RESISTANCE IN AN OPEN-POLLINATED VARIETY OF MAIZE1
S. Jinahyon and W.A. RussellZ
ABSTRACT. Three cycles of recurrent selection were 
used to improve the stalk -rot resistance of an open -
pollinated variety of Zea  mays  L. Selection was aided 
by artificial inoculation with a spore suspension of 
Diplodia  zeae  (Schw. ) Lev. Progress of improvement 
was determined by evaluating the original population, 
C0~ and the three recurrent populations, C 1 , C Z and C 3 , 
as populations per se,  in population testcrosses, and 
in diallel crosses among the populations. All methods 
of evaluation, based on ratings after artificial inocu-
lations with D. zeae,  showed that significant improve-
ment for stalk -rot resistance was achieved. The gene-
tic variance among S 1 lines of the C 3 population indi-
cated that further progress should be possible. 
Field stalk breaking in maize, Zea mays. L. , is the result of many 
factors interacting complexly. Russell (7) postulated that at least two 
components are involved: susceptibility to disease resulting in weakened 
stalks, and the mechanical strength of the stalk either in the presence or 
absence of disease. Stalk rot is an important disease of corn in Iowa, 
and Diplodiazeae(Schw.) Lev. is one of the more important causal organ-
isms. 
Resistance to stalk-rot organisms is conditioned by genes at several 
loci. E1-Rouby and Russell (1) reported that nine chromosome arms in 
two highly resistant inbred lines, B14 and C103, carried a gene or genes 
that condition resistance to _D. zeae. The success of developing resistant 
inbred lines by the standard procedure of inbreeding and selection, with 
the aid of artificial inoculation, depends primarily on the frequency of 
genes for resistance in the source population. Any breeding scheme 
effective in increasing the frequency of genes for resistance in the source 
population would enhance greatly the chance of success in extracting 
superior lines. 
1 Contribution from the Iowa Agriculture and Home Economics Experi-
ment Station and Crops Research Division, ARS, U. S. Department of 
Agriculture, cooperating. Journal Paper No. J-5894 of the Iowa Agri-
culture and Home Economics Experiment Station, Ames, Iowa. Project 
No. 1575. (Part of a thesis submitted by the senior author in partial 
fulfillment of the requirements of the Ph. D. degree. ) z Formerly a graduate student and Rockefeller Foundation Fellow, now 
at Kasetsart University, Bangkok, Thailand, and Professor, Iowa State 
University, Ames, Iowa. 
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The recurrent scheme first outlined by Jenkins (3) is being usedwidely 
as a breeding scheme to improve plant populations. Jenkins, Robert 
and Findley (4) reported that the first two cycles of recurrent selection 
were very effective in improving corn populations for resistance to Hel-
minthosporium turcicum Pass. , leaf blight of corn. The effectiveness 
of the third cycle of selection was inversely proportional to the amount 
of improvement accomplished in the first two. Penny, Scott and Guthrie 
(6) showed that three cycles of recurrent selection for leaf -feeding to 
the European corn borer (Ostrinia nubilalis, Hubner) produced essen-
tially borer -resistant maize varieties. Inheritance studies by Jenkins 
et al. (5) with H_. turcicum and by Scott, Dicke and Pesho (8) with _O. 
nubilalis indicated that resistance in maize to these two organisms has 
about the same complexity in inheritance as reported for D, zeae by 
E1-Rouby and Russell (1) . 
The purpose of this study was to evaluate the progress through three 
cycles of recurrent selection in improving the Diplodia zeae stalk-rot 
resistance in an open pollinated maize variety, Lancaster. The study 
also included an evaluation of the associated changes in other important 
agronomic characters of the Lancaster variety, and these will be re-
ported in a second paper. 
MATERIALS AND METHODS 
The materials evaluated in this study were developed from the open-
pollinated maize variety, Lancaster. This variety has been sampled 
extensively for breeding materials. Most lines extracted have been good 
in combining ability; with very few exceptions, however, these lines have 
had poor stalk quality. 
Recurrent selection in three successive cycles was used to improve 
the stalk-rot resistance in Lancaster. Selection in each cycle was based 
on the stalk-rot resistance of SO self -pollinated plants and S1 progenies 
in replicated experiments. The SO plants and S1 progenies were artifi-
cially inoculated by a spore suspension of D. zeae. In each cycle, anew 
Lancaster population was developed by diallel crossing the selected S1
progenies. Some of the most pertinent information relative to the mate-
rial selected in each cycle is given in Table 1. As a result of three 
cycles of recurrent selection, we had four populations designated CO, the 
original population and C1, C 2 and C3 derived after cycles 1, 2 and 3. In 
each of the three new populations, there had been one generation of con-
trolled sib-pollination of a composite of the diallel crosses. 
Three groups of materials were prepared in 1964: (a) each Lancaster 
population was crossed with two single-cross testers, WF9 x Hy, which 
is intermediate in resistance to D, zeae stalk rot, and Os420 x 187-2, 
which is susceptible; (b) the four Lancaster populations were crossed in 
a diallel series to give six population crosses; (c) self pollinations were 
made in the Lancaster CO and C3, and 100 lines from each population 
were selected at random for subsequent testing. Controlled sib-pollina-
tions were made again in 1964 in each of the four Lancaster populations 
to increase seed supply for further experimentation. 
Field experiments were conducted at the Iowa State UniversityAgron-
omy Farm to evaluate the four Lancaster populations for resistance to 
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Table 1. Number of Sl lines tested and selected, mean stalk-rot ratings of the 
S1 lines, selection differential, and heritability percentages of three 
successive cycles of recurrent selection. 
No. of No. of A1ean Mean 
lines lines ratings ratings of Selection Percent 
tested selected of Sl selected differential heritability lir_es lines 
Cycle 1 173 20 3.7 2.8 1.68 42.2 
Cycle 2 154 10 3.0 2.0 1.94 61.5 
Cycle 3 ~ 10 1.9 1.2 1.67 40.1 
D, zeae stalk rot. Evaluations were of populations  per se, testcrosses 
of the populations, population crosses, and S1 progenies from Lancaster 
CO and C3. 
Randomized complete block designs were used for all experiments. 
The four Lancaster populations were evaluated in tests of 10 replications 
in 1964 and in 1965, and the testcrosses of the four populations were 
evaluated in a test of 10 replications in 1965. Three single crosses, 
B14A x C103, B14 x Oh41, and Os4Z0 x 187-z, resistant, intermediate, 
and susceptible, respectively, were included as checks in these experi-
ments. The Lancaster populations and their diallel crosses were grown 
in an experiment of 15 replications in 1965. Each plot of these experi-
ments had one row with 25 plants. The rows were 102 cm apart, and 
plants were spaced 33 crri within the rows. The S1 progenies from Lan-
caster CO and C3 were evaluated in 1965. Three replications with a 
single row of 16 plants were used. Inbreds B14, WF9, Hy, and Oh41 
were each entered twice in all replications, representing eight entries in 
the experiment. 
In each experiment, approximately one week after 50% of the plants 
had silks emerged, the plants were inoculated with a suspension of pyc-
nidiospores of _D, zeae in the middle of the first elongated internode 
above the ground. Six weeks after inoculation, plants were split longi-
tudinally through the inoculation point, and the amount of discolored tis-
sue was estimated relative to the area of the inoculated internode. The 
following scheme was used to express the relative reaction of the plants 
to _D, zeae: (0. 5) no spread of infection from the punctured area; (1) 0-
25% of the inoculated internode rotted; (Z) 26-50% of the inoculated inter -
node rotted; (3) 51-75% of the inoculated internode rotted; (4) 76-100% of 
the inoculated internode rotted; (5) the infection extending into adjacent 
internodes; (6) dead plants. 
In all experiments, plot means were used for statistical analyses. 
Entries were considered as fixed variables, and years for the one ex-
periment of the four Lancaster populations grown in 1964 and 1965 were 
considered random variables. Methods of statistical analysis were used 
as given by Snedecor (9) for randomized block designs. In tests of the 
populations and population testcrosses, the three degrees of freedom 
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based on the four populations were partitioned to fit the orthogonal poly-
nomials, linear, quadratic, and cubic, with one degree of freedom each. 
The three degrees of freedom were partitioned similarly in the tests of 
population crosses and populations, The five degrees of freedom for 
population crosses were further partitioned to give information on gen-
eral and specific combining ability by using the method given by Griffing 
(2). F tests were made by using the appropriate error terms as deter-
mined by the expected mean squares of the fixed and random effects. 
The data on mean stalk-rot ratings of S1 progenies from Lancaster 
Cp and C3 were analyzed as a randomized block design in which the S1
lines were considered random effects. The degrees of freedom were 
partitioned to compare between the two groups of lines and among lines 
within each group. The genetic variance component associated with each 
population was estimated by equating the observed to the expected mean 
squares for each set of variation among 51 lines in the appropriate anal-
ysis of variance. To calculate F values, the estimated error variance 
was used as a common divisor. 
RESULTS 
The mean stalk-rot ratings of four Lancaster populations and three 
single-cross checks are shown in Table 2. There were highly significant 
differences among populations, and the variation attributable to linear 
and quadratic regressions deviated significantly from zero at the one and 
five-percent levels of probability, respectively. The first order inter-
action, populations x years, was not significant; however, a change in 
the relative values for B14 x Oh41 and Os420 x 187-2 in the two years 
caused the interaction, checks x years, to be significant (P < 0. O1). 
A significant shift of mean stalk-rot ratings toward resistant was 
achieved during successive cycles of recurrent selection. The average 
gain was 0. 7 per cycle. The stalk-rot reaction of the original population 
was more susceptible than the susceptible single-cross check, whereas 
the C 3 population was almost as resistant as the resistant single-cross 
check. 
Mean stalk-rot ratings of the testcross progenies and three single-
cross checks are presented in Table 3. F-tests indicated significant 
differences for populations and populations x testers (P < 0.05). Most 
of the variation for stalk-rot ratings in the population testcrosses was 
explained by linear regression, which was significant at the one-percent 
level of probability. A significant difference (P < 0. O1) was detected for 
populations-linear x testers. 
Greater differences in mean stalk-rot ratings among the four Lan-
caster populations were obtained when a susceptible single cross, Os420 
x 187-2, was the tester parent. Smaller differences in mean stalk-rot 
ratings obtained from WF9 x Hy, intermediate in resistance, might have 
been anticipated because of the masking effect of the more resistant 
tester parent. The average gain over the two types of testers was 0. 3 
per cycle. 
Mean stalk-rot ratings of four Lancaster populations and six popula-
tion crosses are shown in Table 4, The comparison of populations vs 
STALK-ROT RESISTANCE IN MAIZE 233 
Table 2. Mean stalk-rot ratings of Pour Lancast-
er populations and three single-cross 
checks. 
Entry Mean stalk-rot ratings 
1961+ 1965 Average 
co
cl
C2
c3
B11+A X C103 
B11+ x Oh1+l 
os1+2o x 187_2 
3.7 3.7 3.7 
2.9 3.0 3.0 
2.1 2.1 2.1 
1.6 1.8 l.7 
1.1 1.3 1.2 
2.6 2.8 2.7 
3.2 2.7 3.0 
Table 3. Mean stalk-rot ratings for the testcross progenies 
of four Lancaster populations with two single-cross 
testers and for three single-cross checks. 
Entry 
Mean stalk-rot ratings 
WF9 x Hy Os1+20 x 187-2 Average 
co 3.1+ 3.7 3.5 
C1 3.1 3.0 3.1 
c2 2.9 2.7 2.8 
C3 2.Q 2.3 2.6 
Bl1+A x clo3 1. >+ 
Bl4 x Oh1+1 3.0 
Os1~20 x 187-2 3.1 
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Table ~+. Mean stalk-rot ratings of four Lancaster populations (dia-
gonal) and six population crosses. 
Population 
Mean stalk-rot ratings 
CO Cl C2 C3 Average 
three crosses 
co ~9 3.6 3.2 3.1 3.3 
Cl ~.2 2.8 2.5 3.0 
C2 _2 2 2.1 2.7 
C3 ~ 2.6 
population crosses, a measurement for heterosis, was significant (P < 
0.01). The variation among populations in this experiment was very 
similar to the variation observed in the 1965 test of populations per se 
(Table 2), Variation attributable to general combining ability was signi-
ficant (P < 0. Ol), but variation due to specific combining ability was not 
significant. Evidently, the additive type of gene action was of greater 
relative importance than the nonadditive for _D, zeae stalk-rot resistance. 
Using an estimate of the standard error of 0. 7 as a criterion for com-
parison, three population crosses, CO x C1, C1 x C3, and CZ x C3, were 
equal to their mid-parents in mean stalk-rot ratings; the remaining 
three, CO x C Z, Cp x C3, and C1 x CZ, had mean stalk-rot ratings higher 
than the mean of their respective parents. 
Variation among S1 lines from CO and among S1 lines from C3 was 
highly significant. Also, the difference between the two groups of lines 
for mean stalk-rot ratings was highly significant. The frequency distri-
butions of mean stalk-rot ratings for 100 S1 lines in each population are 
shown in Figure 1. Evidently, three cycles of recurrent selection for 
Diplodia stalk-rot resistance were effective in separating Lancaster C3
from the original population. Estimates of the total genetic variances 
for resistance to stalk-rot in Lancaster CO and C3 were 0. 19 and 0. 26, 
respectively. Mean ratings for inbred checks, B14, WF9, Hy, and Oh41, 
were 2. 4, 3. 3, 4, 0, and 4, 0, respectively. 
DISCUSSION 
The improvement of lines and varieties for resistance to field stalk 
breakage is an important goal in maize breeding. Stalk rots that develop 
during and after maturation of the plant contribute to stalk breakage. The 
primary objective of this study was to determine the effectiveness of 
recurrent selection as a method of increasing the resistance to _D, zeae 
stalk rot in an open-pollinated variety, Lancaster. The effectiveness of 
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Figure 1. Frequency distributions of stalk-rot ratings of 100 S1 lines 
from Lancaster C O and 100 S1 lines from Lancaster C3. 
this breeding method depends upon the amount of genetic variability in 
the original population, the heritability of the character under selection, 
and the magnitude of the genotype x environment interaction. 
The presence of genetic variability for resistance to D, zeae stalk rot 
in the original Lancaster population was reflected by the range in mean 
stalk-rot ratings among the S1 progenies and by the magnitude of the 
estimated genetic variance component associated with the population. 
Evaluation of 173 S1 progenies of selected SO plants from Lancaster CO
in 1956 indicated a range of mean stalk-rot ratings from 2. 1 to 4. 9, and 
the estimated genetic variance component was 0.16, whereas a range 
from 3. 0 to 5. 1 and the estimated genetic variance component of 0. 19 
were obtained for 100 random S1 progenies from Lancaster C O evaluated 
in 1965. The coefficients of variation for both instances were compar-
able. 
Heritability values in a broad sense for resistance to D. zeae stalk 
rot for each cycle of selection were obtained by estimates of genetic 
variance components among S1 lines available from the analysis of vari-
ance in 1956, 1959, and 1962. These heritability values in three succes-
sive cycles expressed in percentages were 42.2, 61.5, and 40.1, and 
were considered to be in the range from medium to high. 
The magnitude of genotype x environment interaction for resistance 
to _D. zeae stalk rot for S1 progenies was not estimable. In the evalua-
tion of the four populations and three single-cross checks in 1964 and 
1965, a significant genotypexyear interactionwas detected for the single-
cross checks, but the population x year interaction was not significant. 
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At least in the early cycles of selection when variation caused by en-
vironmental effects probably would be of considerably lesser importance 
than variation due to genotypic effects, genotype x environment inter-
actions would not have any significant effect on progress in selection. 
Evidences from the stalk-rot ratings indicating that further progress 
by recurrent selection should be possible were: (a) mean stalk-rot rat-
ings of the four populations showed linearity, although the rate of gain 
had decreased in the third cycle as compared with the first two cycles; 
(b) differences among the S1 lines from Lancaster C3 were highly signi-
ficant; (c) estimates of the genetic variance component for S1 lines in-
creased from 0. 19 in the CO to 0.26 in the C3. If the frequency of genes 
for stalk-rot resistance was low in the C O population and was increased 
to approximately 0. 5 in the C 3, this would explain the increase in the 
genetic variance. 
Judging from the magnitude of mean squares for general and specific 
combining ability or for populations and population x tester interaction, 
additive genetic effects were of considerably greater relative importance 
than the nonadditive effects in conditioning resistance to D, zeae stalk 
rot. The significant population x tester interaction indicates that WF9 x 
Hy and Os420 x 187-2 gave different relative prepotency of the popula-
tions for stalk rot. Generally, if the stalk-rot reaction for resistance 
tends to be dominant, the greatest range in mean ratings should be anti-
cipated for the susceptible tester. A major portion of the variability 
among populations would be concealed by the more resistant parent. In 
this respect, Os420 x 187-2 should be regarded as the ideal tester. 
Synthetic varieties of maize seem to be a good source of new inbred 
lines. Most synthetics could be of greater value to a breeding program 
if certain improvements were made; i. e. , resistance to diseases and 
insects, greater stalk strength, earlier maturity, lower ear height, and 
others. The data presented here and in earlier papers by Jenkins et al. 
(4) for _H. turcicum and by Penny et .al. (6) for O. nubilalis, have indicated 
that significant improvement can be made rather easily, by using recur-
rent selection, for a character that is not complex in its inheritance. 
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EFFECTS OF RECURRENT SELECTION FOR STALK-ROT 
RESISTANCE ON OTHER AGRONOMIC CHARACTERS 
IN AN OPEN- POLLINATED VARIETY OF MAIZEi
S. Jinahyon and W.A. RussellZ
ABSTRACT. The stalk -rot resistance of an open -pollinated 
variety, Lancaster, of Zea  mays  L. was improved sig-
nificantly by three cycles of recurrent selection. As-
sociated changes were determined for 14 agronomic 
characters: plant and ear height, days to silk, inter -
node length and diameter, mechanical stalk strength, 
crushing strength, rind thickness, internode weight, 
natural stalk rot, root and stalk lodging, grain mois -
ture at harvest, and grain yield. Evaluations were 
based on populations, population testcrosses, and dial-
lel crosses among the populations. For one or more 
methods of evaluation, significant or highly significant 
changes were observed in all characters except inter -
node length and diameter and root lodging. Changes 
gave evidence for greater plant vigor, later maturity, 
better disease resistance, greater stalk strength, and 
higher yields in hybrid combinations. 
Recurrent selection appears a satisfactory breeding procedure to 
effect improvement in a population for the character under selection. 
However, the breeder is concerned, also, about changes that may occur 
in other characters for which selection is not being practiced. Dudley, 
Hill and Hanson (2) used seven cycles of phenotypic recurrent selection 
in two pools of alfalfa (Medicago sativa L.) to improve rust resistance 
and tolerance to leaf hopper yellowing. Significant improvements for 
these characters were obtained in both pools of alfalfa. They reported 
increases in first -cut weight of forage and in percentage survival for 
both populations. Pool A had no significant changes in spring growth, 
recovery, or fall growth, but pool B had significant decreases in spring 
growth and fall growth. Lonnquist (6) has reported yield increases in 
several populations of maize (Zea mays L.) where recurrent selection 
1 Contribution from the Iowa Agriculture and Home Economics Experi-
ment Station and Crops Research Division, ARS, USDA, cooperating. 
Journal Paper No. J-5901 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1575. (Part of a thesis 
submitted by the senior author in partial fulfillment of the requirements 
of the Ph. D, degree. ) z Formerly a graduate student and Rockefeller Foundation Fellow, now 
at Kasetsart University, Bangkok, Thailand, and Professor, Iowa State 
University, Ames, Iowa. 
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has been for yield, and, in most cases, increases in grain moisture sug-
gested changes to later maturity. 
Jinahyon and Russell (4) reported a highly significant improvement 
for Diplodia zeae (Schw.) Lev, stalk-rot resistance in a maize variety 
after three cycles of recurrent selection. The stalk-rot ratings for the 
parent population and the populations synthesized following three succes-
sive cycles of recurrent selection were 3. 7, 3. 0, 2. 1, and 1. 7, respec-
tively (4). Changes that occurred for other agronomic characters in the 
maize variety are reported here. 
MATERIALS AND METHODS 
The basic materials used in this study were four populations of Lan-
caster open-pollinated maize, designated as CO, C1, C Z, and C3. CO was 
the original population, and C1, C Z, and C 3 were populations developed 
for D, zeae stalk-rot resistance through three generations of recurrent 
selection, as described in a previous report (4). Agronomic characters 
that were studied included: length, diameter, mechanical stalk strength, 
crushing strength, rind thickness, weight of a 5 -cm section of the stalk at 
the second elongated internode above ground level, plant and ear height, 
days to silk, natural stalk rot, field root and stalk lodging, grain mois-
ture and grain yield. 
Data for internode length, diameter, and mechanical strength were 
obtained for the four Lancaster populations and three single-cross checks, 
B14A x C103, B14 x Oh41, and Os420 x 187-2, at one location in 1964 and 
1965. Mechanical stalk strength at the middle of the second elongated 
internode was determined by a machine designed to apply a gradually 
increasing force against the stalk until breakage occurred. Measure-
ments were made at 4, 6, 8, and 10 weeks after 50% of the silks had 
emerged. A split-plot design with five replications was used, with dates 
of evaluation being the main plots and the seven entries making up the 
subplots. Single -row plots spaced 102 cm apart and 25 plants per row 
spaced 33 cm within the row were used. Measurements were taken on 
all bordered plants in the row. 
Testcrosses of the Lancaster populations, with WF9 x Hy and Os420 x 
187-2 as the tester parents, and three single -cross checks, B14A x C103, 
B14 x Oh41, and Os420 x 187-2, were evaluated for mechanical stalk 
strength approximately 10 weeks after Bilking at one location in 19 65. 
Also, the four parental populations and the six crosses among them were 
evaluated similarly in 1965. These experiments were randomized com-
plete block designs with 10 and 15 replications, respectively. Plot sizes 
were as previously described. 
Data for crushing strength, rind thickness, and weight of a 5-cm sec-
tion of dry stalk internode were taken on six population crosses, four 
parental populations, and three single-cross checks, B14A x C103, B14 
x Oh41, and Os420 x 187-2, grown in anine-replicate experiment at one 
location in 1965. There were 16 plants per plot spaced as described 
previously. The methods used have been described by Zuber and Loesch 
(10) 
Data for plant and ear heights, date of Bilking, natural stalk rot, field 
root and stalk lodging, grain moisture, and grain yield were obtained in 
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three sets of experiments: (a) the Lancaster populations and three single-
cross checks, B14A x C103, B14 x Oh41, and Os420 x 187-2, were grown 
in experiments at two locations in 1964, 1965, and 1966; (b) Lancaster 
population testcrosses and the three single-cross checks were grown in 
experiments at two locations in 1965 and 1966; (c) population crosses and 
parents were grown in experiments at two locations in 1965 and 1966. 
Randomized complete block designs were used with 10 replications in 
(a) and (b) and 15 replications in (c). Two-row plots with nine hills per 
row and 51 cm between hills were used. The rows were spaced 102 cm 
apart except for one location in 1965 when the spacing was 76 cm. Total 
stand after thinning was 40 plants per plot. 
Plant and ear heights were measured on the first 10 competitive plants 
in each plot. Date of Bilking was recorded when 50% of the plants in each 
plot had silks emerged. Counts of plants with natural stalk rot (1964 and 
1965), root and stalk lodging were taken at harvest time. All plots were 
hand harvested and ear weights were converted to q~ha of shelled corn 
at 15.5% grain moisture. 
All data were analyzed on the basis of plot means. Where experi-
ments were repeated, locations and years were equated to environments 
that were considered random. Dates of sampling in the split -plot ex-
periment and entries in all experiments were considered fixed effects. 
Statistical analyses were made first for the individual experiments 
and then for experiments combined over environments where tests were 
repeated. Standard statistical procedures as described by Snedecor (8) 
were followed. The three degrees of freedom for four dates of sampling 
in the split -plot experiment were partitioned into linear, quadratic, and 
cubic components. In tests of the populations and population testcrosses, 
the three degrees of freedom based on the four populations also were 
partitioned into linear, quadratic, and cubic components. The five de-
grees of freedom for population crosses were separated to give informa-
tion on general and specific combining ability by using the method given 
by Griffing (3). F tests were made by using the appropriate error terms 
as determined by the expected mean squares of the fixed and random 
effects. 
RESULTS 
There was no intentional selection in other agronomic characters 
during the three cycles of recurrent selection for _D. zeae stalk -rot re-
sistance, except for root lodging and barren plants. Data obtained in 
this study showed that selection for resistance to root lodging was not 
effective, so results for this character will not be given. 
Mean values for the agronomic characters studied in three sets of 
experiments are presented in Tables 1, 3, and 5. Results of the F tests 
involving these three sets of experiments are given in Tables 2, 4, and 6. 
The data for mechanical stalk strength, internode length, and internode 
diameter (Table 1) are mean values over four dates of sampling. Since 
the interaction of populations x testers was not significant in most char-
acters, only the mean values for the average of the two testers are given 
in Table 3. Specific combining ability values calculated from data of the 
population crosses were relatively unimportant for most characters, so 
data for individual crosses are not shown in Table 5. 
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Table 2. Results of F tests for 10 characters in four Lancaster popu-
lations. 
Character 
Populations Populations 
X 
Environments Linear Quadratic Cubic 
Plant height ~ ~ ~ 
Ear height NS ~' NS 
Internode length NS NS NS ~ 
Internode diameter NS NS NS ~ 
Mechanical stalk strength NS ~' NS 
Natural stalk rot NS NS ** 
Field stalk lodging NS NS *~' 
Days to silk NS ~' ~' 
Grain moisture ~ NS NS 
Grain yield NS NS NS ~' 
~ Significant at the 5% level 
~ Significant at the to level 
NS Nonsignificant 
There was a highly significant, linear decrease in mechanical stalk 
strength of the populations over dates of sampling (Fig. 1). The linear 
component of the populations x dates interaction was significant (P < 0.05), 
indicating that the linear change in mechanical stalk strength over dates 
was not similar among the four populations. However, the variance of 
this interaction was minor as compared with the variance of the• popula-
tion means over all dates. 
Among the populations per se (Tables 1 and 5), the linear trends of 
the characters were the most important; however, for most characters 
the changes were greatest in the second cycle and smallest or reversed 
in the third cycle, resulting in several significant, or highly significant, 
quadratic and cubic components (Tables 2 and 6). Differences among 
testcrosses of the populations (Table 3) were of lesser magnitude than 
among the populations because of the tester effect. Consequently, the 
proportion of highly significant F values was fewer than for the popula-
tions (Table 2). Values of the populations, as expressed by performance 
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Table 1+. Results of F tests for eight characters in testcross progenies 
of four Lancaster populations. 
Character 
Testcrosses 
Linear Quadratic Cubic 
Testcrosses 
X 
Environments 
Plant height ~' * NS ~' 
Ear height * NS NS NS 
Mechanical stalk strength ~ ~' NS t 
Natural stalk rot NS NS NS NS 
Field stalk lodged NS NS NS NS 
Days to silk ~ NS * NS 
Grain moisture ~' NS NS NS 
Grain yield ~ NS NS 
~' Significant at the 5°~0 level 
~ Significant at the 1~~ level 
NS Nonsignificant 
t Only one environment 
in population crosses (Table 5), were similar to the populations per se, 
but with smaller differences. 
The check single crosses were included in several of the experiments 
to give an indication of level of performance. For characters relating to 
stalk strength, none of the populations was equal to B14A x C103; how-
ever, Cz or C3 was similar to B14xOh41 for all stalk strength characters 
except field stalk lodging, and both C Z and C3 were superior to Os420 x 
187-2. 
DISCUSSION 
The significant changes that were effected for resistance to artificial 
stalk rot in the Lancaster variety by recurrent selection were accom-
panied by important changes in several agronomic characters. In some 
characters the magnitude of the change was great enough to be expressed 
in the population testcrosses. The trends of the changes in the agronomic 
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Figure 1. Mean values for mechanical stalk strength of four Lancaster 
populations and three single-cross checks evaluated at 4, 6, 
8, and 10 weeks after silk emergence in 1964 and 1965. 
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characters were similar to the trend previously reported for stalk rot (4). 
In the earlier report we showed that the selection differential in the re-
current selection program was greater in the second cycle than in either 
the first or third cycle. The proportion of the S1 progenies saved was 
0.8°jo in the second cycle as compared with 2. 0 °jo in the first cycle and 
4. 5°jo in the third cycle. The greater selection differential used in the 
second cycle would explain, in part, the greater change observed in the 
second cycle for most characters. The gene frequencies also affect the 
rate of gain from selection. 
The correlated changes of D, zeae stalk -rot resistance and other 
agronomic characters may have resulted because of several factors. 
The changes noted for characters related to maturity can be used to ex-
plain, in part, the shifts in the other characters. Inoculations for D. 
zeae stalk rot during the generations of recurrent selection were made 
on the same date for all plants or progenies regardless of silking dates. 
Similarly, evaluations for stalk rot were made on the same date. Since 
later -maturing genotypes tend to be more disease -resistant than earlier 
genotypes and since the level of susceptibility following inoculation in-
creases as the time between silk date and stalk -rot evaluation increases, 
selection for plants or progenies with the lower D.  zeae ratings would 
tend to eliminate the earlier genotypes. Also, since later -maturing 
genotypes generally grow taller, the selection would result in taller 
plants in the recurrent populations. 
We obtained no evidence for a significant change in the yield perform-
ance of the populations per se. If there has been no change in frequencies 
of genes affecting yield, some decrease in C3 yield as compared with CO 
would be expected because of inbreeding. Using a method given by Li (5), 
the coefficient of inbreeding was calculated to be 12. 0% for the C3 popu-
lation. Usually there is a positive association between grain yield and 
plant vigor, and greater vigor in the recurrent synthetics than in the CO
population is indicated by the increased plant and ear heights. Conse-
quently, the effects of inbreeding may have been partially offset by a 
yield increase resulting from the greater plant vigor. As noted pre-
viously, however, the greater vigor may have been a correlated response 
with later maturity. 
The population testcrosses showed a yield increase from CO to C 3, and 
the linear effect was significant. This is evidence of a change in the 
Lancaster populations in the frequencies of genes affecting yield. The 
increased vigor from the CO to the C 3 population was expressed in the 
testcrosses and probably accounts for the change in yield potential of the 
populations. In general, later maturity results in higher yield provided 
kernel filling is not reduced byunfavorable cool temperatures or arrest-
ed by a killing frost. Frost `vas not a factor in these experiments. 
We have evidence of a positive association bet~~een stalk -rot resist-
ance and grain yield (Table 3), which is contrary to previous reports (1, 
7, 9) in which a negative association has been indicated. Some delay in 
plant senescence because of improved disease resistance should result 
in better kernel development and greater grain yield. 
Selection for stalk -rot resistance based on ratings for spread from 
an inoculation by a D, zeae spore suspension is a relatively simple and 
inexpensive operation. However, our data suggest that the resistance to 
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stalk rot correlates well with resistance to stalk lodging only in the initial 
stages of selection. In subsequent generations, selection must include 
some other measurement of stalk strength if continued progress for re-
sistance to stalk lodging is to be achieved. 
Correlation values among the stalk strength characters and with field 
stalk lodging were not calculated because of too few degrees of freedom. 
The trends for these characters among the four Lancaster populations 
were similar. Mechanical stalk strength had the highest coefficient of 
variability, but it also had the highest heritability value. The herita-
bility value for weight of a 5-cm stalk section (75°jo) was nearly as high 
as for mechanical stalk strength (83°jo), whereas the values for rind 
thickness (47%) and crushing strength (30%) were considerably lower. 
These heritability values were calculated by the variance component 
method and are based on plot means. 
The number of progenies that may be evaluated for mechanical stalk 
strength in a day is limited. Some modifications in the machine could be 
made to increase the number of evaluations in a given period. Since 
there was a significant entry x date interaction in the experiment with 
dates of evaluation, measurements should be delayed until 8 to 10 weeks 
after date of Bilking when the data would more nearly simulate resistance 
to field stalk breakage. Also, time required to break the stalks de-
creases appreciably as the length of time from silking increases. 
It is more expensive to obtain measurements for crushing strength, 
rind thickness, and weight of a 5-cm section than for mechanical stalk 
strength; primarily because stalk samples have to be dried to a uniform 
moisture and later prepared for measurements. Studies of crushing 
strength, rind thickness, and weight have an advantage because dry 
samples of stalks can be stored for an indefinite length of time, thus 
permitting evaluations when time permits. 
Maize breeders have done much to improve the stalk quality of maize 
hybrids, but stalk lodging is still a serious problem. The relative amount 
of stalk breakage observed for B14A x C103 as compared with Os420 x 
187-2 is good evidence of the progress that has been made. However, 
mucn of the progress achieved has been offset by changing field hus-
bandry, mainly high plant densities. Consequently, the maize breeder 
must continue his efforts to develop better stalk strength. Population 
improvement that would increase stalk strength and resistance to stalk 
rots should be an important part of a maize breeder's program. 
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LACUSTRINE SEDIMENTS OF A DRAINED LAKE 
IN NORTHWEST IOWA, PART I 1
James J. Hungerford 
Department of Botany and Plant Pathology 
Iowa State University, Ames, Iowa 
ABSTRACT. Chemical analyses of inorganic carbonates 
and organic matter percentages and macroscopic ob-
servations of sediments from Pillsbury Lake in north-
western Iowa are presented. The sediment includes 
depositions which began in late Wisconsin time and 
paleoecological interpretations and fossil mollusk 
identifications are presented. 
INTRODUCTION 
A former lake bed was selected for this study because the sediments 
can be examined in place--or collected —without the problems presented 
by an overlying water mass. Pillsbury Lake bed is located in Sections 5 
and 6, Dickinson County, Iowa (T-98-N, R-37-W). The lake was drained 
in 1915 through trenching and tiling of Pillsbury Creek and the lake bed 
is now farmed intensively. Pillsbury, Sylvan and Pratt Lakes are in the 
Bemis moraine of the Cary drift, derived from the Wisconsin glaciation. 
If the Bemis moraine is the same age here as in the Colo Bog area 
(Walker 1966) the lakes in this area would have formed about 13, 775 
years ago. 
The present flora of the beach along the former shoreline is forest 
and consists primarily of Ulmus americana and Populus deltoides. Under 
the trees Viola sp, and Nepeta cataria are abundant. Upland from the 
lake bed  Symphoricarpos sp, and Rosa sp, are dense at the trench site 
on the eastern side of the former lake. Saplings of Fraxinus occur in the 
beach zone up to the edge of the original shoreline which is occupied by 
the large elms and poplars. This succession of change takes place along 
the shore within 15 meters horizontally and 4 meters vertically. 
MATERIALS AND METHODS 
In July and August of 1966 a transect of 22 core samples was made 
and a 17 meter trench dug to a depth of 2 meters. It was hoped that large 
aquatic specimens were preserved in the sediments and that they could 
1 Most of the work was done at the Iowa Lakeside Laboratory in the sum-
mers of 1966 and 1967. Support during the summer of 1967 from the 
N. S. F. Research Participation Program for High School Teachers, ad-
ministered by Iowa State University, is gratefully acknowledged. 
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Figure 1. A, Pratt Lake prior to 1915; B, Pratt Lake summer of 1966. 
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be correlated with the nature, position and depth of the deposits. Cores 
along the transect were taken with three types of corers; an ordinary 
soil auger, a bucket corer and a Swedish Hiller corer. The transect 
location across the lake bed and a cross section diagram of the stratig-
raphy in the transect (a' -a) and in the trench (b' -b) are included in Figure 
3. 
Figure Z. Pillsbury Lake (dry) summer 1966, view from a' to a on 
transect. 
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Figure 3. Pillsbury Lake with schematic drawings showing the litholo-
gies of the sediments in the transect and trench. 
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RESULTS 
The cores along the transect indicate that a sandy beach extended 120 
meters from the eastern shore. On the western shore the beach extended 
only 20 meters from the shore line. The 165 meters between the beach 
deposits contains fine lacustrine sediments. The sediments, in the cen-
ter of the lake between the beach deposits, are divided into three mem-
bers. From the base upward, the bottom sediments are gray in color 
and contain rock fragments in the 1 mm size range distributed in a fine 
clay matrix. The bottom levels contain no macroscopic organisms. The 
middle member represents a thanatocoenose (community of the dead) 
(Wasmund 1926). It is grayish white and, in some cores, attained a 
thickness of more than two meters. Over 60% of its composition is car-
bonate of lime. Contributing to the high CaCO3 content is a very charac-
teristic "shell zone" with large numbers of immature snail shells (Table 
1). This member is also associated with calcareous plant remains in 
which fragments of Chara are especially noticeable. 
Table 1. Macroscopic fossil fauna in sediments of Pillsbury Lake. 
Gastropoda: Amnicola limosa 
Gyraulus deflectus 
Helisoma anceps 
Helisoma sp. 
Phy s a s ay ii 
Pomatiopsis lapidaria 
Valvata sincera 
Valvata tricarinata 
Pelecypoda: Pisidium sp. Fragments of large mussels 
Crustacea: Unidentified ostracoda valves 
The surface member in the succession of sediments is called Schlamm 
(ooze) in present day lakes (Ruttner 1965). The dry ooze in Pillsbury 
Lake bed is as much as three meters thick and in its upper surface are 
fragments of large clam shells. The present soil surface is classified 
as much because the organic matter content is in excess of 1$%. At a 
depth of three meters, just above the snail layer, the olive black sedi-
ments have a characteristic hydrogen sulfide odor. 
Utilizing the acid-neutralization procedure of Black (1965), analyses 
for organic and inorganic carbon compounds were performed on 10-gram 
samples. Organic matter estimates were obtained by incinerating oven-
dried samples in a muffle furnace at 1000° C for six hours. 
Table 2 lists the chemical data obtained from one noncontaminated 
core. Its position on the transect is located in Figure 1 (1-1'). 
The calcium carbonate equivalent percentages of Table 2 indicate 
leaching of CaCO3 from the upper layer of sediments. The snail layer 
shows in the data as a calcium-rich layer and the percentages of calcium 
carbonate drop markedly in samples below the shell layer. 
Although organic matter percentage estimates generally decrease 
with depth, as shown in Table 2, the organic matter percentage is highest 
in the snail layer. 
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Table 2, Chemical analysis of core material Pillsbury Lake formation. 
Sample depth 
in meters 
Equivalent % 
inorganic C 
Equivalent 
CaCO3 ~%o
Organic 
matter % 
0. 5 0. 67 5.62 18. 4 
1.0 0. 33 2.81 13. 6 
1.5 0. 24 2. 00 9. 7 
2. 0 0. 74 61.87 27. 9 
2. 5 1.09 9. 12 12. 1 
3. 0 1.49 12. 43 9, 5 
3. 5 1.28 12. 37 10. 2 
4. 0 1.49 12. 43 11. 6 
4. 5 1.47 12. 31 9.3 
5. 5 1.34 11.25 8. 1 
6. 0 1.24 12.06 8.8 
6. 5 1.35 11.25 8. 4 
Plate 1. A. Valvata tricarinata; B. Pomatiopsis lapidaria; 
C. Physa sayii; D. Amnicola limosa. 
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The shoreline of the former lake is lined «ith glacial erratics. The 
upland around the lake is two to six meters above the original shoreline 
and the large elms and cottonwoods around the site still give the impres-
sion of surrounding a lake. 
As noted above, beach sand deposits differ markedly from deposits in 
the middle of the lake. The cross section drawing of the trench in Figure 
3 locates the positions where the samples for the chemical data in Table 
3 were secured. 
Table 3. Beach deposit material exposed in the trench. 
Depth in Equivalent ojo Equivalent Organic Physical 
meters inorganic C CaCO ~o matter °%o appearance 
15 meters from shore line (Figure 3, 2-2') 
0. 2 0. 09 0.77 2.9 Black sandy 
0. 3 0. 09 0.75 2. 3 
0. 4 0. 16 1.35 1. 3 Gray sandy 
0. 5 0. 15 1.31 5. 8 
0. 6 0.96 8.05 5. 0 Sandy clay 
0. 7 1.05 8.75 3.9 
0.8 0.85 7. 13 5. 1 Sandy layer 
0.9 0.85 7.00 5. 1 50° angle 
1.0 1.36 11.37 4.6 
1.2 0.08 9.37 5.4 Pebbly 
1. 4 0.09 7. 9 2 3. 9 and 
1.6 0. 10 9.06 3.9 Calcareous 
1.8 0. 14 12.08 6.2 
1.9 1.29 10.75 6.5 
2. 2 0. 61 5. 12 2. 9 Sandy 
One meter from shore line (Figure 3, 3-3') 
0. 1 0. 18 1.56 1.9 Black sandy-
0. 2 0. 00 0. 00 1. 8 rocky 
0. 3 0. 36 3.00 0. 6 Gray sandy 
0. 4 0. 64 5. 37 2. 0 Sandy clay 
0. 5 0. 58 4.85 2.9 
0. 6 1.45 12. 15 3. 5 
0. 7 1.48 12. 36 5. 6 Calcareous 
0. 8 1.34 11.31 4. 2 
0. 9 1.43 11.95 7. 5 
1.0 1.25 10.44 3.6 Sandy 
1. 1 1.45 11. 13 2.8 
1.2 0.82 6.87 8.4 Calcareous 
1. 3 0. 64 5.37 3. 0 
3.6 1.44 12.07 8.6 Sandy 
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Calcium carbonate equivalent data for the surface half -meter of the 
trench indicate leaching. This layer is sandy with a clay hardpan devel-
oped under it. The sediments are stratified, and below the surface half -
meter are distinctly calcareous. The trench sediments yielded large 
marl pieces which would have been impossible to obtain from core sam-
ples (Fig. 4). 
Figure 4. Large marl from trench. 
DISCUSSION 
Presumably, Pillsbury Lake was formed by a large ice block in the 
Bemis moraine of the Cary drift in the late Wisconsin glacial period. 
The author intentionally avoided using time-stratigraphic units for 
purposes of classification in this study as there seem to be different 
meanings intended by various writers when using terms such as "late-
glacial" proposed by Deevy and Flint (1957). The principles and policies 
set forth for stratigraphic classification by Koenig (1961) were followed 
and rockstratigraphic units in the Pillsbury Lake formation are used, 
The abrupt appearance of numerous aquatic invertebrates at a depth 
of three meters, the relatively high calcium carbonate content at that 
level and the high organic matter percentage estimate indicate the shell 
layer within the sediments of this former lake has some special signifi-
cance in the history of the lake. The immature fossil snail layer fauna 
is typified by such prosobranch genera as  Valvata, Amnicola and Pomati-
opsis. The aquatic mollusks reflect a fauna that is typical of existing 
nearby lakes and reflect the local environment. Calcium carbonate equi-
valents and organic matter estimates appear to stabilize below the snail 
layer. The absence of numerous aquatic macrofossils below the snail 
layer may have important implications for later microscopic studies and 
the base of the snail layer may represent the beginning of aquatic life in 
the lake, 
The lack of preserved specimens in the beach sediments is probably 
due to the wave action of the sandy beaches. The extensive beach on the 
eastern side of the former lake may have been produced by the action of 
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the prevailing westerlies, While some of the marl may have been formed 
by chemical precipitation from shelled animals and aquatic plants, the 
large calcareous fragments are pieces of weathered limestone. Lime-
stone and dolomite erratics are characteristic of the glacial till in this 
area. The surface 30-40 cm in the beach sediments is an A horizon of 
soil development. Below the A horizon, banding has been produced by 
soil formation and redeposition of the beach deposits. Organic matter 
percentage estimates increase below the upper 40 cm and calcium car-
bonate percentage equivalents increase markedly below the upper 50 cm. 
Aerobic respiration increased in the upper layer following drainage and 
tillage; this would decrease organic matter percentage. The leaching of 
carbonates and their redeposition forming a hardpan would account for 
some of the calcium carbonate increase with depth. 
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YIELD AND QUALITY EVALUATIONS OF 
FIRST-CUTTING VERNAL ALFALFA1
W. J. Moline and W. F. WedinZ
ABSTRACT. Dry matter yields and nutritive value of first -
growth Vernal alfalfa (Medicago  sativa)  were studied 
in a 2 -year experiment. Highest seasonal yields were 
obtained when the first two harvests were taken at 1 10 
bloom and third harvest near September 1 . Delaying 
the first harvest beyond 1 10 bloom did not increase 
seasonal dry matter yields, 
In vivo  digestible dry matter (DDM) decreased sig-
nificantly over a 6 -week harvest period in 1964 but not 
in 1963. In 1964, the decrease was greater during the 
first week (6. 2 -unit decline) than during the following 
5 weeks (5. 5 -unit decline) . Seasonal yields of esti-
mated DDM (EDDM) were not significantly altered be-
cause of first -cutting harvest date. In both years, a 
slight decline in seasonal EDDM was noted when first -
cuttings were made at maturities beyond 1 10 bloom. 
Changes in in vitro  DDM were significantly corre-
lated with changes in accumulated degree days meas-
ured at the 6 -inch soil depth. An increase of 100 de-
gree days was significantly correlated with a decline 
of one percentage unit in vivo  DDM. Correlation co-
efficients of r = -, 84 (1963) and -. 91 (1964) were ob-
served between accumulated degree days and in vivo 
DDM. 
Several laboratory techniques proved significant in 
assessing the nutritive value of first -growth alfalfa. 
Over all harvests, significant correlations (P < 05) 
were noted between percentages of in vivo  DDM and in 
vitro  24- and 48 -hour DDM (r = 62 and 80, respec-
tively) . Chemical analyses of field and ration samples 
were also significantly correlated (P < O1) with in vivo 
DDM. For ration and field samples the r values were 
for crude fiber, 80 and 70; for crude protein, 76 
and 75, and for cellulose, -. 82 and -. 60, Soluble cel-
lulose (ration samples) was also significantly (P < O1) 
1 Journal Paper No. J 5660 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa, Project No, 1539. Part of a thesis 
submitted by the senior author in partial fulfillment of the requirements 
for the Ph. D, degree. Received for publication November 6, 1968, a Research Associate and Professor of Agronomy, respectively, Senior 
author now Associate Professor, Department of Agronomy, University of 
Nebraska, Lincoln, Nebraska. 
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correlated with an r value of 73 as was TDN (field 
samples) at . 78. 
Considering the various factors contributing to the 
maintenance of digestibility in first -growth alfalfa, 
greater leeway in the first -cutting date of dense stands 
of Vernal alfalfa is suggested. This assumes that the 
best harvesting and handling methods would be used to 
minimize leaf loss. 
LITERATURE REVIEW 
There is general agreement among workers that the dry matter yields 
of alfalfa increase with maturity (8, 9, 19). Also, sacrifices in yields 
from harvesting early spring growth were compensated for by increased 
yields of second growth (13). 
In the humid regions of the United States, first -cutting forages have 
been characterized by a large decline in digestibility with increasing 
maturity as compared with regrowth forage (16). Knowledge of the de-
cline in the nutritive value during the first growth of forages should there-
fore yield the most valuable information, as suggested by Sullivan (17). 
Other important factors with respect to harvest date are animal con-
sumption, increased second-growth yield and better use of spring mois-
ture distribution (16). Whether calendar dates or maturity criteria should 
be used as the index for cutting of first growth forages has been studied. 
Reid et al. (16) used a regression equation based on calendar date to 
characterize the decline in the nutritive value of first -growth forages. 
Researchers (9, 11) have shown that dry matter, cellulose, energy and 
protein digestibilities for first -cutting alfalfa declined with advanced 
maturity. However, Sullivan (17) suggests that chemical methods should 
be evaluated on their suitability in predicting forage quality. Couchman 
(4) reported that lignin relationships between stem and leaf portions are 
responsible for the low digestion coefficients of stem protein. Meyer and 
Lofgreen (12) reported that lignin, crude fiber and nitrogen were related 
to total digestible nutrient (TDN) values of alfalfa. 
Although in vitro fermentation methods employed today are often re-
ferred to as artificial rumen procedures, they were not meant to replace 
animal trials (3). Many workers agree their value lies in their useful-
ness in preliminary screening studies and that such techniques have 
special application in certain agronomic plot work (2, 3, 10). This pro-
cedure allows a large number of samples to be analyzed using limited 
amounts of material. 
The various laboratory techniques used and the in vitro rumen fer-
mentation method (18) were studied to determine which of the methods 
would be best correlated with the in vivo values obtained for first -growth 
alfalfa. In addition, because losses of nutrients in harvested forage often 
occur with processing, data were collected on samples taken directly in 
the field to compare with samples taken from the prepared rations. 
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MAT ERIA L AND METHODS 
Vernal alfalfa was established in August 1962 on a gently sloping site 
in the Clarion-Webster soil association area at the Agronomy-Agricul-
tural Engineering Research Center, Boone County, Iowa. The area was 
divided into plot areas 12.8 x 30.5 meters for harvesting. Each area 
represented one of six successive harvest dates (Table 1) within each of 
four replications arranged in a randomized complete-block de sign. Plant 
counts taken in both harvest years indicated that an excellent stand was 
established (June 1963, 377 plants per square meter; June 1964, 259 plants 
per square meter). Second cuttings were made on all plots when the re-
growth of June 13, 1963- and June 4, 1964-harvested plots reached 1 10 
bloom in both years. Third cuttings were taken within 1 week of Septem-
ber 1 in both years. Following the analysis of the 1963 in vivo digestion 
trial data, the 1964 first -cutting dates were set 1 week earlier. This 
allowed a more succulent stage to be harvested for the first of the six 
successive, first -harvest dates. 
Table 1. Harvest date, growth and flower stage of first-cutting 
alfalfa.~ -~ Ames, Iowa. 1963, 1964. 
1963 1964 
Harvest Growth Flowering# Harvest Growth Flowering 
date stage (~lo) date stage (~~) 
May 29 pre-bud 0.0 May 21 vegetative 0.0 
June 5 1st flower 1.0 May 28 bud 0.0 
June 13 1~2 bloom 52.0 June ~+ lst flower 5.0 
June 20 3~4 bloom 72.0 June 12 110 bloom 19.0 
June 27 full bloom 74.0 June 19 3~4 bloom 79.0 
July ~+ early pod 79.0 June 25 full bloom 89.0 
Second cuttings: July 24, 1963 and July 14, 1964. 
Third cuttings: September 5, 1963 and August 31, 1964. 
Flowering was determined as percentage of stems with one or 
more blooms, 100 stems per plot sampled. 
Average 6-inch soil temperatures were obtained by using three maxi-
mum-minimum thermometers within the field plot area. Data were taken 
as accumulated degrees above 46° F mean daily soil temperature at a 6-
inch depth. These accumulated degrees were expressed as degree days. 
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Dry matter yields were determined from mower swaths taken on a 
.91 by 6.0 meter area within each large plot. On each of the six succes-
sive, first -harvest dates (Table 1) the first 2 replications were cut, al-
lowed to air-dry for 24 hours in the field (herewith called rations), then 
put in burlap bags and immediately placed in a forced-air dryer at 80 ° C. 
The two additional replicates were held in reserve in event of rain. No 
rain damage occurred on harvested forage in either 1963 or 1964. Dry 
hay was stored in burlap bags until prepared for the digestion trial. 
Field samples for comparison with ration samples were taken as rep-
licated small plot samples (approximately .908 kg). Differences in sam-
ples represent different sample processing. Small plot samples were 
immediately dried in a forced-air dryer at 80°C, while ration samples 
were taken from the rations that were field-cured. 
Preliminary studies were conducted on forages harvested in 1962 to 
determine an acceptable method of ration preparation before the in vivo 
digestion trials of first -cutting alfalfa harvested in 1963 and 1964. The 
digestion results and intake data suggested that the use of a hammer mill 
with 1.27 cm screen was most acceptable. The processed forage was 
1.27 to 3.81 cm in length. A description of the ration material was made 
using standard soil sieves, shaken by hand for 5 minutes. There were no 
obvious physical differences (between 1963 and 1964) in the dry rations. 
Twenty-four wethers were used in each digestion trial. Twelve sheep 
were held in pens (bagged for fecal collections), and sheep constituting 
the remaining two replications were kept in metabolism crates during the 
trial. A 10-day adjustment period preceded the 10-day collection period 
used in making total fecal collections for digestible dry matter (DDM) 
determinations. A randomized complete-block design was Wised. Sheep 
were assigned to uniform weight classes within replications (1963) or 
assigned at random to replicates when weight classes were not evident 
(1964). All sheep were fed approximately 10% in excess of previous 
daily ad libitum intake. Daily intake records were kept and results ad-
justed for refusals. 
Replicated samples (114 g each) taken daily from each ration were 
used to determine percent dry matter of the ration. These samples were 
composited over dates for laboratory analyses and are referred to as 
ration samples. All samples of feed and feces were rechecked in a la-
boratory oven at 80° C for dry matter determinations and the results are 
expressed on an oven-dry basis. All samples were ground in a Wiley 
mill using amedium-mesh screen. 
Field samples and ration samples were analyzed for crude fiber, 
crude protein, cellulose, soluble cellulose, in vitro DDM and in vitro di-
gestible cellulose. Analyses for crude fiber were made according to the 
procedure outlined by the A. O. A. C. (1) except that the procedure was 
modified to use 1-g rather than a 2-g sample. Analyses for total nitrogen 
were made according to the micro-Kjeldahl procedure outlined by Perrin 
(14). Crude protein was calculated in the conventional manner (N x 6.25). 
Cellulose analyses were made according to the procedure outlined by 
Crampton and Maynard (5), using 1-g samples or residue for those sam-
ples used for i.n vitro digestible cellulose. Samples were analyzed for 
soluble cellulose in cupriethylene diamine as outlined by Dehority and 
Johnson (7). Plant analysis for P, K, Ca, Mg, Zn, Cu, Fe and Mn were 
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completed at the Plant Analysis Laboratory, University of Nebraska, 
Lincoln, Nebraska. 
Samples were analyzed for in vitro DDM and digestible cellulose ac-
cording to the procedure outlined by Tilley and Terry (18). Calculations 
for the Nutritive Value Index (NVI) as outlined by Crampton et al. (6). 
were made only for first -cutting alfalfa. 
In an attempt to shorten the in vitro fermentation, a 24-hour fermen-
tation was used in conjunction with the normal two-stage fermentation 
technique. Fermentations in the rumen liquor for 24 hours were followed 
with the normal additional 48-hour pepsin digestion. All chemical anal-
yses and in vivo and  in vitro measurements are reported on an oven-dry 
basis. 
RESULTS AND DISCUSSION 
Yields of dry matter. First -cutting yields of dry matter (Table 2) in-
creased as harvest date was delayed. Total seasonal dry matter yields 
were slightly reduced due to harvesting immature stages as shown in the 
2-year average; however, yields from immature harvests of first cut-
tings were partially compensated for by higher regrowth yields. Highest 
total seasonal yields were obtained when the first cutting was taken at 
the 1 10 bloom stage in 1963 and 1964. Considerable quantities of annual 
weeds were present in some of the 1963 cuttings; however, in 1964 weeds 
were more evident in the third cutting. There was no obvious pattern of 
weed infestation based on cutting date. 
Changes in chemical composition. Crude protein percentages (Table 
2) decreased with advanced maturity (1.36 percentage units per weekly 
advance in maturity). This generally agrees with much of the literature 
reviewed. Crude fiber increased significantly over the 6-week harvest 
period in 1963 and 1964. Crude fiber increased an average of 1.74 per-
centage units with each weekly advance in maturity. Field and ration 
samples did not differ appreciably in their respective percentages of 
crude protein or crude fiber, excepting the June 19, 1964 ration sample 
in which crude fiber differed by 5. 3 percentage units. This difference 
may have resulted from sampling errors. 
Average percentages of cellulose sampled from forage rations in the 
in vivo studies and from field samples are presented in Table 2. Percent 
cellulose increased significantly over the 6-week period of the first cut-
tings. Total increases in cellulose were not as great as the increases in 
percent crude fiber or for decreases in percent crude protein. Standard 
errors for percent cellulose were of similar magnitude for both the ra-
tion and field samples. Coefficients of variation for cellulose determina-
tions were 3. 8% and 2. 3% in 1963 and 3. 5%and 1. 6% in 1964 for field and 
ration samples, respectively. Major differences in cellulose values 
from the two types of samples of first -cutting were likely due to differ-
encesin the dryingprocess. Small field samples were placed ina forced-
air oven shortly after cutting but hay used in the feeding trials was left in 
the field to air-dry for 24 hours and then dried as previously described. 
Soluble cellulose in first -cutting forage decreased with increased 
maturity (Table 2). Changes in soluble cellulose were of a magnitude 
similar to crude protein and crude fiber. The soluble cellulose con-
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tent decreased 2. 03 percentage units with each weekly advance in matur-
ity. Changes in soluble cellulose were of greater magnitude than cor-
responding changes in in vivo DDM. 
Analyses for P, K, Ca, Mg, Zn, Cu, Fe and Mn on all ration samples 
showed all elements to be sufficient except potassium (K). Potassium 
content ranged from 0. 8 to 1. 2% below the 1.75% deficiency standard of 
Ohio, s 
In vivo DDM changes. Average in vivo DDM values were not signifi-
cantly reduced with increased maturity for alfalfa harvested in 1963 
(Table 3). In 1964, calendar dates of the first cutting were moved one 
week in advance of those used in 1963. The over-all reduction in percent 
DDM in 1964 was of a greater magnitude than in 1963. In 1964, a 6. 2 
percentage decline occurred in the first week, while a 5. 5-unit drop oc-
curred in the next five harvests (May 28 to June 25). The decline in DDM 
was linear in 1964 and averaged 2. 31 digestibility units for each weekly 
delay in cutting. 
Daily forage intake of sheep used in the in vivo trials was not influ-
enced significantly by harvest date although a slight but nonsignificant 
decline with increased maturity was noted in 1964. Variation among 
animals suggested that trends in intake could have been more ,reliably 
measured with additional animals. Intake levels as based on body weight 
were very high for the forage that averaged 10 to 14% moisture. In pre-
liminary trials conducted in 1962 we observed intake levels of a similar 
magnitude at or near 30 g per kg body weight. 
With the care taken to avoid leaf losses, first -cutting Vernal alfalfa 
declined very little in DDM after the 1 10 bloom stage. Of agronomic 
importance is the usefulness of an alfalfa variety that retains the leaves 
allowing greater latitude in the harvest date of first -cutting. Also im-
portant is the management of alfalfa harvesting such that leaf loss is 
minimized. 
In  vitro DDM and digestible cellulose. In vitro data (Table 3) from the 
two- stage fermentation technique (using two runs) demonstrated trends 
similar to those in the in vivo data. Less differences in DDM values 
were demonstrated by in vitro fermentations than were present in the 
in vivo results. Linear trends showing declining DDM were not signifi-
cantly different within runs. Although slight differences between runs 
were present, in vitro DDM analyses resulted in similar ranking of all 
samples within each run. In general, the 24-hour in vitro results were 
less sensitive in determining differences than were 48-hour fermenta-
tions 
In vitro digestible cellulose did not delineate trends in nutritive values 
in 1963, During 1964 digestible cellulose demonstrated a general decline 
with advanced maturity. 
Yields of EDDM (estimated digestible dry matter) were calculated 
using in vitro data from field samples. EDDM seasonal yields were not 
significantly altered because of first -cutting harvest date; however, when 
first harvest was at 1 10 bloom, EDDM yields tended to be highest. In 
both 1963 and 1964, there was a slight decline in seasonal EDDM when 
first cuttings were made at more advanced maturities. 
3 Standards, Alfalfa, Plant Analysis Laboratory, Agricultural Experi-
ment Station, Wooster, Ohio. 
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Changes in soil temperatures.  Changes in accumulated degree days 
of soil temperature were significantly correlated with changes in in vivo 
digestible dry matter. As an indicator of DDM, accumulated degree days 
in soil temperature were more closely associated with comparable feed 
values from 1963 and 1964 than was either bloom stage or calendar date. 
When used as an indicator of changes in DDM, 100 degree days increase 
in soil temperature was correlated with aone-percentage unit decline in 
in vivo DDM. Little change in DDM was observed after 600 degree days 
had accumulated in either 1963 or 1964. 
Correlations of forage quality indices.  Correlation coefficients for 
various indices (Table 4) demonstrated that a number of determinations 
may be used to rank the nutritive value of first -cutting alfalfa. Changes 
in many of these estimators were larger than changes occurring in in 
vivo DDM. 
Analyzed over the 2-year period, in vitro DDM, and percentages of 
crude protein, crude fiber, cellulose, soluble cellulose as well as cal-
culated TDN were significantly correlated with in vivo DDM (Table 4). 
Table 4, Correlation coefficients of various forage quality indices and 
in vivo DDM. Ames, Iowa, 1963, 1964, 
DDM to: 1963 1964 Combined 
48 -hour in vitro DDM (R) 
48-hour in vitro DDM (F) 
48-hour in vitro digestible 
cellulose (R) 
48-hour in vitro digestible 
cellulose (F) 
Percent crude protein (R) 
Percent crude protein (F) 
Percent crude fiber (R) 
Percent crude fiber (F) 
Percent cellulose (R) 
Percent cellulose (F) 
Percent soluble cellulose (R) 
. 82~~ 
. 78 NS 
. 9 3~ ~ 
. 72 NS 
. 80~T 
, 67m 
-.61 N5 .93mT . 18 NS 
-. 16 NS .93~M . 12 NS 
.88~ .96m~ .76TH 
. 68 NS .93Tm .75~~ 
-. 39 NS -, 88m -. 80~m 
-.89* -.88m -.70~~ 
-. 88m -, 84~ -, 82~~ 
-. 22 N5 -. 79 NS -, 60~ 
. 91~~` , 94~m , 73~~ 
Percent TDN . 80 NS , 90~ . 78~~ 
Accumulated degree days -.81~ -.91~ -.83~~ 
~~ Statistically significant correlation (P =< . 05). 
=~~ Statistically significant correlation (P =< . O1). 
R =Ration samples; F =Field samples. 
TDN calculated from formula presented by Axellson (1952), Ann. 
Roy. Coll. Sweden 19:45. 
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However, because of limited samples within each year, some of the 
techniques were not significantly correlated with in vivo results. Small 
nonsignificant changes in the in vivo DDM in 1963 were not reflected in 
similar changes in the cellulose digestibility. 
Prediction equations (Table 5) were developed for estimating forage 
nutritive value from the components analyzed. Analysis for in vitro DDM 
was a more reliable indicator of forage quality than in vitro digestible 
cellulose when using the Tilley and Terry (18) two-stage technique. 
Table 5. Regression equations for various quality indices of field 
samples (F) used to estimate in vivo results and their standard 
errors. Ames, Iowa. 1963, 1964, 
Value of X Equation Standard Error 
48-hour in vitro DDM (F) Y= 12.89+0.73X 2.74 
Percent crude protein (F) Y = 38.16 + 0. 9 2X 2.36 
Percent crude fiber (F) Y = 72.99 - 0, 52X 2.60 
Percent cellulose (F) Y = 83.30 - 0.80X 2.80 
Percent TDN"=* Y= 28.83+0.48X 2. 24 
Accumulated degree days Y= 65.30+O.O1X 1.07 
T Y =Predicted DDM 
~m TDN calculated from formulas presented by Axellson (1952), Ann. 
Roy. Coll. Sweden 19:45. 
Differences in results of various analyses suggest that errors may 
be made in translating small plot sample results to a hay-fed basis. In 
vitro DDM values (48-hour) for field samples predicted DDM with less 
accuracy than the in vitro ration samples. However, this is expected 
since losses occurred in the digestibility from field to ration. Fluctua-
tions and differences between 48-hour in vitro DDM measurement of field 
and ration samples further indicated sample handling andprocessing may 
be critical when measuring in vitro differences. Differences in proxi-
mate analyses between agronomic field plot samples and those from 
ration samples were small. When analyzed for cellulose, field samples 
were 9.8%lower in cellulose in 1963 and 6.4%lower in cellulose in 1964. 
SUMMARY 
Dry matter yield trials, chemical analyses and feeding trials were 
used in an attempt to clarify the importance of agronomic factors that 
affect the quality of first -cutting alfalfa. In addition, several laboratory 
techniques were used in an attempt to assess their suitability in esti-
mating forage quality. 
Delay in harvest date of first -cutting alfalfa generally resulted in an 
increase in dry matter yields. Sacrifices in dry matter yields from 
early cuttings were somewhat compensated for by increased yields of 
aftermath harvests. Yields of EDDM were not greatly influenced by 
harvest date of either year. 
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In vivo digestion trials demonstrated that a statistically significant 
(P < . 05) change did not occur in DDM of the first cutting of 1963. During 
1964 significant declines in DDM occurred during early stages of growth 
with no significant decline in DDM after 1 10 bloom stage. A greater 
decline in DDM occurred during the first week in 1964 than occurred 
during the following 5-week period. 
In vitro DDM of ration samples were well correlated with in vivo re-
sults. However, field samples not allowed to field-cure showed greater 
changes in DDM than were evidenced in in vitro results or the in vivo 
DDM of the ration samples. The major differences between sampling 
methods was the drying of the hay. Material used in the feed digestion 
trial was allowed to field-cure while small field samples were oven-
dried. 
Chemical analyses for percent crude protein, crude fiber, cellulose, 
in vitro DDM and digestible cellulose were compared as laboratory 
measures of forage quality. In addition, cellulose solubility in CED and 
calculated TDN were used as indices of forage quality. All except in 
vitro digestible cellulose were well correlated with forage quality and 
were considered useful as indicators of forage quality. Because of the 
high correlation and ease of determination, the two-stage Tilley and 
Terry in vitro DDM procedure is a reliable indicator of forage quality. 
Soil temperatures used to calculate accumulated degree days indicated 
similar trends for each year. As an index of the growing season, degree 
days followed trends which were useful in describing the differences 
between years . During 19 63 and 19 64 the DDM of fir st-cutting alfalfa 
changed very little after 600 degree days. It would seem reasonable that 
as a characterization of the season, degree days would reflect earliness 
or lateness better than would calendar dates. 
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EFFECTS OF LIGHT AND MOISTURE ON RED OAK SEEDLINGS1
R. C. Musselman and G. E. Gatherum2
ABSTRACT. Dieback of northern red oak (Quercus  rubra
L.) seedlings is a major problem in Iowa uplana hard-
wood stands cut by the single -tree selection reproduc-
tion method. This study was initiated to test the hy-
pothesis that low light intensities and low soil mois-
ture levels are two of the most critical factors causing 
dieback of northern red oak when cut by the single -tree 
selection reproduction method. First -year red oak 
seedlings were grown at five light intensities and five 
soil moisture levels from May to July 1966. Photo-
synthesis, respiration and growth then were measured. 
Growth increased with increasing light intensity from 
8% up to 30-50% of full daylight and with increasing soil 
moisture from permanent wilting percentage to pot soil 
moisture capacity. Photosynthesis increased with in-
creasing soil moisture from permanent wilting percen-
tage to near pot soil moisture capacity and then de-
creased with additional soil moisture. Maximum photo-
synthesis occurred at a light intensity between 2400 
and 4000 foot-candles. Respiration was not affected 
by light intensity or soil moisture treatment. These 
results indicate that low light intensities and low soil 
moisture levels must be considered two of the more 
limiting factors in the growth and survival of red oak 
seedlings in Iowa upland hardwood stands cut by the 
single -tree selection reproduction method. Moreover, 
the shift from uneven- to even -aged management of the 
mixed oak type in Iowa has gained support from this 
evidence. Recommendations of the Forest Service to 
switch from uneven- to even -aged management have 
lacked something in detailed underpinnings. Data from 
this study supply some of the underpinnings for this 
recommendation. 
Maintenance of northern red oak (Quercus rubra L.) as a major com-
ponent of upland forest types, cut under the single-tree selection repro-
duction method, is one of the major problems in the management of up-
land hardwood stands in Iowa. Red oak seedlings, present in the regen-
1 Journal Paper No. J-6104 of the Iowa Agriculture and Home Economics 
Expex"iment Station, Ames, Iowa. Project No. 1457. z Former Graduate Assistant and Professor, Department of Forestry, 
Iowa State University, Ames, Iowa. 
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eration, often fail to develop into saplings, poles and sawtimber, Re-
peated dieback of seedling tops and subsequent resprouting is common, 
Established red oak once developed beyond the seedling stage, however, 
grows well on Fayette silt loam, a gray-brown podzolic soil of eastern 
Iowa. On these sites, red oak is surpassed in board-foot volume pro-
duction only by cottonwood and American elm. 
A general shift from uneven- to even-aged management of stands or 
groups within stands of the mixed oak type in Iowa has resulted, in part, 
from this dieback problem. Dieback of red oak seedlings under the 
single-tree selection reproduction method probably is related to compe-
tition for light, water and nutrients. Red oak does not compete success-
fully with overtopping herbaceous vegetation (Scholz 1964), but it does 
grow best under a protective overstory early in its life (A.lthen 1964), 
To test the hypothesis that deficiencies of light and soil moisture are 
two of the most critical factors causing red oak seedling dieback under 
the single-tree selection reproduction method, acontrolled-environment 
study was initiated. The objective of this study was to determine the 
light intensity and soil moisture requirements of first -year red oak 
seedlings in relation to growth and physiological processes underlying 
growth. Specifically, the controlled-environment study was designed to 
determine the effects of light intensity and soil moisture on photosyn-
thesis, respiration and growth of first -year red oak seedlings, If the 
requirements of red oak are sufficiently high to indicate that light and 
soil moisture deficiencies are two of the more critical factors under this 
uneven-aged system, additional evidence will be provided to support the 
shift from uneven- to even-aged management. 
Growth and survival of red oak seedlings are influenced markedly by 
light intensity (Carvell and Tryon 1961, Perry 1960, Phares 1964, and 
Scholz 1955) and soil moisture (Sander 1957, McLintock 1949, Bourdeau 
1954, and Perry 1960). Photosynthesis of red oak also is affected by 
light intensity (Kramer and Decker 1944, Bourdeau 1954) and soil mois-
ture (Bourdeau 1954), Kozlowski (1949) concluded that, "optimum light 
intensity will result in increased photosynthesis, subsequent increase of 
root growth, and a greater availability of soil moisture. " 
EXPERIMENTAL METHODS 
This study was divided into two phases, a growth experiment and a 
photosynthesis and respiration experiment. A simple split-plot model in 
a randomized complete-block design (Steel and Torrie 1960) was used for 
both phases of the study. In the growth experiment phase, five light in-
tensity and five soil moisture treatments were used in each of five repli-
cates. Light intensity, soil moisture and light-by-moisture interaction 
treatment effects were assumed fixed, and replication and error effects 
were random, The growth experiment was established at the State Forest 
Nursery, Ames, Iowa. 
Ligi~t intensity treatments were 8, 23, 31, 50 and 84% of full daylight. 
Average daily maximum sky and solar radiation for the duration of the 
experiment was approximately 8000 foot-candles. Each plot consisted of 
one light intensity treatment with five soil moisture subplots. Each sub-
plot consisted of one red oak seedling planted in a 1-gallon pot. Light 
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intensities were determined with a Weston Illuminometer, and light in-
tensity levels were established by covering wooden frames with shade 
cloth and polyethylene. 
Soil moisture treatments were 12, 17, 22, 27, and 32% of oven-dry 
weight of the soil. Wilting point of the soil was 12%, as determined with 
a pressure membrane apparatus at 15 atmospheres pressure (Richards 
1947). Maximum moisture-holding capacity of the soil in the pots was 
also determined. The soil was saturated, pots covered with polyethylene 
to prevent surface evaporation and pot soil drained for 24 hours. Mois-
ture level at this point was approximately 30% of oven-dry weight and 
will be referred to as pot soil moisture capacity. Soil medium was a 
greenhouse mixture of 1~4 sand, 1~4 peat and 1~2 loam. Five soil mois-
ture regimes were maintained by watering to saturation, allowing to dry 
to the desired level, and then rewatering to saturation. Water treatments 
were controlled by weighing. 
All acorns were collected near Ames in September 1965, screened to 
a uniform size, and stored at 4° C in dry sand treated with fungicide. 
Acorns were planted in early May 1966, and light intensity and soil mois-
ture treatments were begun in late May as leaf expansion began. Leaf 
expansion and the first flush of height growth were complete by early 
July when growth measurements were taken. At the conclusion of the 
growth phase of the study and immediately before growth measurements 
were taken, seedlings were brought into the laboratory where rates of 
net photosynthesis and respiration were measured in a gas-tight, re-
frigerated, controlled-environment chamber (Broerman et al. 1967). 
In the photosynthesis and respiration phase of the study, light inten-
sity and soil moisture treatments differed from those used in the growth 
phase. Light intensity treatments were controllable and fixed at 800, 
1600, 2400, 4000, and 8000 foot-candles. Compensation point for red 
oak seedlings was 250 foot-candles. Seedlings were tested at the soil 
moisture level to which they had dried at the time of testing. Therefore, 
soil moisture treatment and light intensity-by-soil moisture interaction 
effects were random, along with replication and error effects. Unfortu-
nately, this system of testing resulted in very few measurements of 
photosynthesis between pot soil moisture capacity and saturation com-
pared with measurements of photosynthesis between permanent wilting 
and pot soil moisture capacity. The result was low variation accounted 
for in photosynthetic rates over the entire range of soil moisture and 
high variation accounted for over the range from wilting percentage to 
near pot soil moisture capacity (10-25%). Variation related to the 10-
day time period involved during laboratory testing was removed with 
replication effects. 
Each seedling was placed in the chamber, and net photosynthesis and 
respiration were measured as CO Z absorbed iri the light (net photosyn-
thesis) or evolved in the dark (dark respiration). 
Concentration of COZ in the chamber was monitored continuously with 
an infrared gas analyzer and recorded on astrip-chart. Carbon dioxide 
produced by soil microorganisms was isolated from the system by plac-
ing each pot in a polyethylene bag and sealing at the base of the seedling 
stem with a twistem. After the seedling was placed in the chamber and 
preconditioned for 15 minutes, net photosynthesis was recorded; subse-
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quently, the chamber was covered with black photographic cloth, lights 
turned out and dark respiration was recorded. Rates of absorption and 
evolution of CO2 were measured where the response curve passed through 
the 300 parts per million point on the strip-chart. Gross photosynthesis 
was calculated by adding net photosynthesis and dark respiration. Cham-
ber temperature was held at approximately 18 t 1 ° C during testing. 
At the end of the photosynthesis and respiration testing period, the 
seedling was removed from the chamber, and fresh and dry weight of 
leaves, stem and roots; stem length; and leaf area were determined. The 
leaves were traced immediately on paper, and leaf area was determined 
later. Dry weight measurements were recorded after the seedlings were 
oven-dried for 24 hours at 68 ° C. 
Analyses of variance and standard F tests were used to analyze the 
growth data. Orthogonal comparisons of linear and quadratic effects 
were made for treatment effects. Photosynthesis and respiration re-
sponses were analyzed by regression analysis. Simple correlations were 
determined among all the growth variables and the photosynthesis and 
respiration variables. 
RESULTS 
Growth of red oak seedlings varied among light intensities (Tables 1 
and 2). Dry and fresh weights of top, stem, leaf and root increased with 
light intensity from 8-50% of full daylight but remained essentially the 
same with increased light intensity from 50-84% of full daylight. Stem 
height and top to root ratio decreased with increased light intensity from 
8-84% of full daylight. In general, however, most of the variation in 
growth, as affected by light intensity, was accounted for by lack of fit. 
The asymptotic response is poorly fit by a quadratic, but a plot of the 
response using actual data points would have accounted for considerably 
more of the variance by light intensity. Distribution of assimilate changed 
with differences in light intensity. With increased light intensity, rela-
tivelymore of the assimilate was distributed to the roots than to the tops, 
and relatively more of the assimilate was lost from the leaves than the 
stem (Table 3). 
Growth of red oak seedlings also varied among soil moisture levels 
(Table 1 and Figure 1). Leaf area and dry and fresh weight of top, leaf, 
stem and root increased with soil moisture from 12-32%. Distribution of 
assimilate did not vary appreciably among soil moisture levels. Light-
by-moisture interaction was not significant for any of the growth vari-
ables tested. 
Photosynthesis varied among soil moisture levels (Figure 2). Net 
photosynthesis per seedling, per unit of leaf area and per unit of leaf 
weight increased with soil moisture from 10 to approximately 25-27% 
and then decreasedwith additional soil moisture up to 40%. Gross photo-
synthetic responses to soil moisture were highly correlated with net 
photosynthesis (r > 0.94). 
Maximum photosynthesis occurred at a light intensity between 2400 
and 4000 foot-candles (Table 4). Photosynthetic responses on a per 
square decimeter of leaf area, per gram dry leaf weight, and per gram 
fresh leaf weight basis were highly correlated (R > 0.84). Respiration 
did not vary among soil moisture or light intensity levels. 
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Table 3. Percentage distribution of total dry weight of red oak 
seedlings at five light intensities, soil moisture levels 
pooled. 
Percent 
of full 1
daylight 
Distribution of dry weight assimilate 
percent 
Stem Leaves Top Roots 
8 17 51 68 32 
23 13 49 62 38 
31 13 48 61 39 
50 12 49 61 39 
84 14 46 60 40 
lAverage daily maximum sky and solar radiation (full daylight) was 
approximately 8,000 foot-candles for the duration of the study. 
Table 4. Means of net photosynthesis of red oak seedlings at six light 
intensities, soil moisture ranging from 10 to 25 percent. 
Light intensity 
foot-candles 
Net photosynthesis mg. of CO2 absorbed per hour 
Per seedling Per dm2 of leaf area 
250 (compensation 
point) 
0.0 0.0 
800 4.8 3.8 
1600 6.2 4.0 
2400 7.2 5.1 
4000 6.0 3.8 
8000 5.4 3.9 
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SOIL MOISTURE- PERCENT OF OVEN-DRY WEIGHT 
Figure 1. Growth of red oak seedlings in relation to soil moisture, 
light intensities pooled. 
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PER GRAM DRY WEIGHT 
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SOIL MOISTURE - PERCENT OF OVEN-DRY WEIGHT 
Figure 2. Response of net photosynthesis to soil moisture, light inten-
sities pooled. Correlations (R's) shown for each response 
curve area measure of the correlation between points on the 
plotted curve and actual data points. (=4=~~ indicate significance 
at the 1% probability level.) 
DISCUSSION 
Growth and photosynthesis of first -year red oak seedlings are affected 
by light intensity and soil moisture. Low light intensities and low soil 
moisture levels resulted in a marked decrease in photosynthesis and 
growth. 
Light saturation intensity for photosynthesis of red oak seedlings was 
between 2400 and 4000 foot-candles when measured at critical soil mois-
ture levels (10-25%). Bourdeau (1954) and Kramer and Decker (1944) 
found similar light saturation intensities with red oak. Light saturation 
intensity, in relation to growth, occurred at 30-50% of full daylight. 
Phares (1964) tested red oak seedlings at 10, 30 and 100% of full light and 
found that dry weight growth increased with light intensity from 10-30%, 
but did not increase significantly with light intensity from 30% to full 
light. Light saturation intensity, in relation to relative root development, 
occurred at approximately 23% of full light. 
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Light intensities in Iowa upland hardwood stands cut by the single-tree 
selection reproduction method are considerably less than 20-50% of that 
in the open. Gatherum (1961) measured light intensities under different 
levels of cut in Iowa upland hardwood stands. Field plots with as much 
as one-third of the under story and all the overstory vegetation removed 
averaged less than 20% of light intensity in the open at seedling height. 
Intensity of cut is considerably less than this under the single-tree se-
lection reproduction method, and light intensities probably average 10% 
or less of light intensity in the open. Growth, photosynthesis and rela-
tive root development of red oak seedlings tested in this study were far 
from maximum at these low light intensities. Low light intensities, 
therefore, must be considered one of the more limiting factors in the 
growth and survival of red oak seedlings in stands cut by the single-tree 
selection reproduction method. 
Photosynthesis of red oak seedlings increased with increasing soil 
moisture from permanent wilting percentage to near pot soil moisture 
capacity but decreased with increasing soil moisture from near pot soil 
moisture capacity to saturation. However, the photosynthetic response 
to changes in soil moisture was greater between permanent wilting per-
centage and near pot soil moisture capacity. A marked decrease in 
photosynthesis with decrease in soil moisture became evident at soil 
moisture levels as high as 25%, well above permanaz t wilting percentage 
and close to pot soil moisture capacity. Growth of red oak seedlings 
responded similarly, decreasing as soil moisture decreased from pot 
soil moisture capacity to permanent wilting percentage. Reduction of 
growth and photosynthesis of plants in drying soil, well above permanent 
wilting percentage, is documented by Black (1968) and Kramer and Koz-
lowski (1960). Kozlowski (1949) tested the effects of drying soil on oak 
and found that photosynthesis of oak decreased as soil moisture ap-
proached permanent wilting percentage. Bourdeau (1954) found that 
photosynthesis of northern red oak decreased as the soil dried from field 
capacity. 
Soil moisture levels in Iowa upland hardwood stands, cut by the single-
tree selection reproduction method, do reach critical levels for growth 
and photosynthesis of red oak seedlings. Einspahr and McComb (1951) 
suggested that soil moisture available for growth was limiting in Iowa 
upland hardwood stands. Gatherum (1959) reported soil moisture levels 
in Iowa upland hardwood stands, cut at intensities comparable to the 
single-tree selection method of regeneration, which were well below 
field capacity during the growing season. Soil moisture at field capacity 
on the Fayette silt loams studied by Gatherum was 28-30% of oven-dry 
weight and permanent wilting was 10% of oven-dry weight. A 3-year 
average of soil moisture in the top 3 feet of soil during the growing 
season was 18% of oven-dry weight. The 3-year average of soil moisture 
during the month of August was 12% of oven-dry weight. Low water 
levels, therefore, also must be considered one of the more limiting 
factors in the growth and survival of red oak seedlings in stands cut by 
the single-tree selection reproduction method. 
The effect of the acorn is important in growth of first -year oak seed-
lings. Amount of food produced by photosynthesis is considerably less 
than that contributed by the acorn for young oak seedlings. Was sink and 
STUDY OF RED OAK SEEDLINGS 283 
Richardson (1951) found that red oak relies on stored food rather than 
currently produced photosynthate for root growth. However, Richardson 
(1956) found that the acorn contributed to the first flush of growth only 
and was most important under low light intensities. Seedlings tested in 
this study had produced only one flush of growth when the study was ter-
minated. Older red oak seedlings, when at the age that seedling dieback 
commonly occurs, cannot rely on the acorn for growth but must depend 
upon photosynthate. Deficiencies of light and moisture, then, are even 
more critical for these older seedlings than for those tested in this study. 
Although 15 atmospheres of tension at 24 hours was used to determine 
permanent wilting percentage of the soil, 12% of oven-dry weight, the 
soil moisture at which first -year red oak seedlings actually wilted per-
manently, was considerably below 12%. Perhaps the acorn was useful to 
the first -year seedlings in reducing tissue moisture stresses at these 
high-soil moisture stresses. If so, soil moisture stresses again would 
be more critical for older red oak seedlings than for those tested in this 
study. 
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